Background: The management of distal tibia fractures continues to remain a source of controversy and debate. Objectives: The aim of this study was to evaluate the various complications of minimally invasive percutaneous plate osteosynthesis (MIPPO) using a locking plate for closed fractures of distal tibia in a retrospective study. Patients and Methods: Twenty-five patients with distal tibial fractures, treated by minimally invasive percutaneous plate osteosynthesis, were evaluated in a retrospective study. We studied the rate, probable etiological factors and preventive and corrective measures of various complications associated with minimally invasive plating of distal tibia. Results: Mean age of the patients was 41.16 years (range 22 -65). There were 13 male and 12 female patients. All fractures united at an average duration of 16.8 weeks. There were two cases of superficial and two cases of deep infection, and deep infections required removal of hardware for cure. There were four cases of ankle stiffness, most of them occurring in intra-articular fractures, three cases of palpable implant, three cases of malunion, one case of loss of reduction and one patient required reoperation. The average AO foot and ankle score was 83.6. Conclusions: We found MIPPO using locking plate to be a safe and effective method for the treatment of distal tibial fractures in properly selected patients yet can result in a variety of complications if proper precautions before, during and after surgery are not taken care of.
Background
The management of distal tibia fractures continues to remain a source of controversy and debate (1, 2) . The methods of treatment include closed reduction and cast application, external fixation, open reduction and internal fixation, intramedullary nailing and minimally invasive plating with each method of treatment having its own merits and demerits (3, 4) . The MIPPO in distal tibial fractures has an established role in present day orthopaedics. It has minimized a variety of complications especially those related to soft tissues in distal tibia fractures, but at the same time, this method of treatment is not without complications and hence is not an ideal solution for all distal tibial fractures. The MIPPO is associated with a number of complications like wound dehiscence, superficial and deep infection, ankle stiffness, malrotation, palpable implant, inadequate reduction and hardware failure (5, 6 ).
Objectives
The purpose of the current study was to find the incidence, etiology and preventive as well as corrective measures for complications associated with minimally invasive plating of distal tibia fractures.
Patients and Methods
This was a retrospective study consisting of 25 patients with closed distal tibia fractures treated by MIPPO. The study was approved by the ethics committee of our institute and a written informed consent was obtained from all patients before the operation. The fractures were either intra-articular or extra-articular fractures of distal tibia corresponding to OTA 43 A, B and C fractures. Pathological and open fractures and those with impending or established compartment syndrome were excluded from the study. The surgery was performed after the stabilization of skin and soft tissue conditions averaging 9.98 days, which ranged from 5 to 16 days in our study (1, 7, 8) . All patients with fractures of distal tibia were initially assessed and stabilized at the emergency department of our hospital. After identifying and managing life-threatening emergencies, the fractured extremity was splinted and elevated in order to reduce swelling (1) . Detailed radiographic evaluation in two perpendicular planes including knees and ankles were done. Computerized tomography (CT) scan was done in case of complex intra-articular fractures (8, 9) . Fractures were classified using orthopedic trauma association OTA classification (10) . The surgery was performed by a single senior surgeon under spinal or general anesthesia, depending upon discretion of anesthetist on a standard radiographic tabulation under tourniquet control. Pre-operative prophylactic antibiotics were administered intravenously before surgery before inflation of tourniquet (1). Fractures were reduced using indirect means of reduction like manual traction, calcaneal pin traction, use of femoral distractor, using K wires as joy sticks or rarely by small incisions and application of percutaneous bone clamps (1, 2, 8, 11, 12) . Associated fibula fractures, if deemed necessary for fixation, were fixed first (13, 14) . After checking for reduction under fluoroscopy, a small, approximately 3 cm, incision was made over medial malleolus for passing the plate (1, 15) . A subcutaneous extraperiosteal tunnel was created using a Cobb elevator or the blunt end of the plate (1, 16) . Locally manufactured stainless steel distal tibial locking plate was fixed to the bone using locking or non-locking screws, proximally via stab incisions and distally via previous oblique incisions made for passage of the plate. The wound was closed and the limb was elevated in a removable splint, postoperatively. Intravenous antibiotics were continued for 24 hours after surgery (1, 17) . Toe touch weight bearing was started postoperatively with the help of crutches as soon as pain and swelling subsided and the patient was fully out of anesthesia effect. Partial weight bearing was allowed at four to six weeks and full weight bearing at ten to twelve weeks, depending upon clinical and radiographic assessment of fracture healing. Use of postoperative removable or plaster of Paris brace was decided on patient and fracture related factors like commination and articular involvement as well as rigidity of fixation, as assessed intra-operatively (1, 2, 8, 11, 18) . Delayed wound healing and superficial infection were defined as persistent drainage from the wound for at least two days or separation of wound edges to a width of > 1 cm and a length of > 1 cm (15, 19) . The patients were followed up clinically, and radiographically was performed at two weekly intervals initially and then monthly till the fracture united, then every six months, and the final follow up was done one year post surgery. The patients were assessed objectively by physical and radiographic examination. The development of complications was carefully observed and documented at each follow up visit. The final outcome was assessed at the one-year follow up by the American orthopaedic foot and ankle score (11, 20) .
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Results
All the patients were examined periodically and the final follow up was done at one year. All fractures united with average time to union of 16.8 weeks, ranging from 12 to 30 weeks with only one case of delayed union. The mean age of our patients was 41.16 years (22 -65) and 52% were male.
There was one case of delayed union with fracture united at 30 weeks after surgery; this patient was a long oblique fracture loss of reduction because of long working length. Four of our patients developed infection; amongst these cases, two were superficial infections, which resolved with antibiotics and local wound care and two patients developed deep infection, both of them were of delayed onset occurring after two months after surgery and they were cured only after removal of hardware with further uneventful course. Removal of hardware was done at the time fractures were already united. Four of the patients developed ankle stiffness, three of which were having intraarticular fractures. Palpable implant was found in three patients. One patient was re-operated because of inadequate articular reduction after the first surgical attempt. There were three cases of malunion, two cases of external rotation deformity and one case of recurvatum. One patient had loss of reduction. The average AO foot and ankle score was 83.6 with 92% of the patients having a score greater than 60. 
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Delayed union 1 (4)
Ankle stiffness 4 (16)
Hardware failure 1 (4)
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Loss of reduction 1 (4) Figure 1 . Superficial Infection fractures management of fractured tibia requires greatest experience and wisdom and best clinical judgment in order to choose the most appropriate treatment for a particular pattern of injury. With increased recognition of soft tissue status and importance of preventing additional trauma to soft tissue envelope due to ORIF and preservation of osteogenic fracture hematoma in fracture healing, MIPPO is establishing its role in a variety of fractures particularly in distal tibial fractures. Minimally invasive percutaneous plate osteosynthesis in distal tibia is proving to be a very safe and effective method of treatment in properly selected patients but it should be kept in mind that it is not a solution to every distal tibial fracture and can result in a variety of complications if proper precautions before, during and after surgery are not taken (2, 4, 7, 8, (21) (22) (23) (24) . The purpose of our study was to find the incidence, etiology, preventive and corrective measures for complications associated with minimally invasive plating of distal tibial fractures. Infection was the most common complication in our series seen in four patients; two of them being superficial wound infections associated with early onset and persistent wound drainage. These were cured by administration of culture specific antibiotics and local wound care with further uneventful course. The two deep infections were of delayed onset occurring after two months. They were not controlled with antibiotics. They were cured permanently only after removal of hardware, one on the 8th month and the other after 11 months. By that time, fractures in both patients were united and had Trauma Mon. 2016; 21(3):e22131. were cultured after removal of hardware and both of the two cases yielded Staphylococcus aureus and their sensitivities were checked and appropriate antibiotics were administered postoperatively. Wound infections could be reduced by performing surgery after stabilization of soft tissue status, use of prophylactic antibiotics and maintaining complete asepsis during the surgical procedure. Deep infection was found in 14% of patients as reported by the study of Ronga et al. which required removal of hardware for control. Superficial infections were found in 28% of patients and cured by the administration of antibiotics and local wound care (2, 4, 8) . Ankle stiffness was found in 16% of our patients, and in three out of four patients they were intra-articular; this might be due to inadequate intra-articular reduction, which is not visualized on standard fluoroscopy. Ankle stiffness can be prevented by achieving good intra-articular reduction, which may even require arthroscopic assisted reduction, early postoperative ankle range of motion exercises and minimizing post- . There was one case of delayed union with fracture united at 30 weeks, with no case of non-union. This patient was associated with poor reduction with increased gap between fracture ends. This patient was given suitable postoperative bracing and ample time and ultimately united at 30 weeks. Delay and nonunion can be prevented by achieving the best fracture reduction possible without compromising soft tissue envelope and osteogenic fracture hematoma (1, 2, 15). Palpable implant or implant site discomfort was found in 12% of our patients. None of the patients in our study were symptomatic to an extent that requires hardware removal; our implants were anatomic distal tibial low profile plates of stainless steel and hence the low profile nature of the implant is probably responsible for lower morbidity of our patients. Implant site discomfort can be prevented by proper preoperative contouring and templating of plate. Recently reports have been published on lateral side MIPPO for decreasing medial implant prominence (25) . Palpable implants were seen in 7% of cases in the study of Bahari et al. all of which required removal of hardware (8) . Maffulli et al. also found that anatomic metaphyseal locking plate minimized metal discomfort associated with distal tibial plating. However, Lau et al. found an incidence of 52% of metal discomfort even with distal tibial anatomic lock plating and approximately half of them required removal of hardware (4, 26, 27) . One patient had to be re-operated because of inadequate intraarticular reduction after the first surgical attempt. Proper articular reduction should be achieved by using indirect as well as direct means of reduction if required (28, 29) . Small arthrotomy incisions and use of K wires as joysticks or even arthroscopy-assisted reduction should be used in order to achieve good joint reduction. Difficult fracture reduction can be encountered intra-operatively, if fracture pattern is not studied well before hand hence fracture pattern must be studied well preoperatively in order to choose an appropriate reduction technique and implant size. Furthermore it should be kept in mind that MIPPO is not a solution to every distal tibial fracture (28) and locking intramedullary nail stabilization and external fixation combined with limited open reduction and absorbable internal fixation techniques are also efficient methods for treating distal tibia fractures depending upon the morphology of the fracture and the soft tissue status. In our case with the loss of reduction, the fracture was spiral and extended well into diaphysis; some screws were inadvertently put in the fracture resulting in less secure fixation and hence loss of reduction. There were three cases of malunion with two cases of external rotation and one case of recurvatum in our series and all the cases occurred in extra-articular fractures. All the three cases occurred in our earlier cases when we had not gained sufficient expertise in minimally invasive fixation. Malunion can be preserved to a large extent by a careful operative technique like preparation and draping of both fractured as well as non-fractured extremities for intra-operative comparison of rotation, comparing the position of the foot with respect to patella, use of intra operative fluoroscopy to check for alignment. All the patients with malunion had no major functional limitation but were mainly having cosmetic concerns. Malunion in frontal plane was seen in 6.25% and rotational malalignment greater than 10 degrees was seen in 25% of patients in the study of Sitnik et al. (1, 2, 13, 15, 27) . The major limitation of our study was the lower number of cases, which lends to the credence that our results cannot be generalized. Further long-term studies with a larger cohort can be used for standardization of treatment with MIPPO. and analyzed the data and Mohammad Yasin contributed to the development of the protocol and abstracted the data.
Conflict of Interest:
The author certifies that he has no commercial associations (e.g. consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted article. No financial aid was received for this study.
